The counter experiments of W ataghin and his co-workers (1940, 1941), and of Janossy and his co-workers (1940, 1942), have established the existence a t sea-level of showers differing from cascade and knock-on showers which are capable of pene trating 50 cm. of lead. These penetrating showers have been shown by to be produced almost equally by ionizing and non-ionizing particles. The showers show a transition effect which appears to be mass-pro portional. W ith a layer of lead 5 cm. in thickness above the pentrating shower set approximately 50 % of the penetrating showers are created in the lead. The other 50 % come from the air surrounding the apparatus and are probably parts of extensive penetrating showers. The recent theory of meson production proposed by Hamilton, Heitler & Peng (1943) seems to give a very plausible explanation of penetrating showers. According In George's arrangement the bursts are recorded by an ionization chamber (surrounded by 7 cm. lead), placed above a counter set which selects penetrating showers. George concludes from the results that the bursts are produced in the 7 cm. lead by extensive (Auger) showers, and that the penetrating particles are produced at the same tim e in the ratio o f one penetrating particle to thirty electrons and photons. The bursts connected with penetrating showers described in the present paper cannot be accounted for in a similar w ay for they occur below 37 cm. lead.
I ntroduction
The counter experiments of W ataghin and his co-workers (1940, 1941) , and of Janossy and his co-workers (1940, 1942) , have established the existence a t sea-level of showers differing from cascade and knock-on showers which are capable of pene trating 50 cm. of lead. These penetrating showers have been shown by to be produced almost equally by ionizing and non-ionizing particles. The showers show a transition effect which appears to be mass-pro portional. W ith a layer of lead 5 cm. in thickness above the pentrating shower set approximately 50 % of the penetrating showers are created in the lead. The other 50 % come from the air surrounding the apparatus and are probably parts of extensive penetrating showers.
The recent theory of meson production proposed by Hamilton, Heitler & Peng (1943) seems to give a very plausible explanation of penetrating showers. According to this theory the showers consist mainly of charged mesons and neutral mesons (neutrettos), produced by protons and neutrons, in reactions of the following ty p es: P + P _> j*r + p + r+ N + P -> P + P+ Y~, p+ y~-+n + r°, N + Y +-> P + 7°.
The symbols P and N represent protons and neutrons, and Y~ charged mesons, and T° neutrettos. The charged mesons are of two types, one with a lifetime a t rest of 10-6 sec., which has been observed experimentally, and the other a hypothetical particle with a lifetime of 10-8 sec. The neutretto is also a hypothetical particle since it has not been observed experimentally. In order th a t these reactions may occur, incident nucleons must have energies greater than 2 x l0 9eV. has shown that, particularly for heavy elements, one should expect several mesons emitted from the same nucleus. The calculated total number of mesons of all kinds, neutral as well as ionizing, with energies greater than 5 x 108 eV produced when a nucleon of energy greater than 1011 eV crosses an oxygen nucleus is 5 and for a lead nucleus is 18. To these numbers should be added a small number (< 3) of recoil protons and neutrons . These numbers are, of course, only average numbers and large fluctuations may occur. Penetrating showers are therefore expected to consist of small numbers of ionizing penetrating particles formed by a nucleon every few centimetres of lead. The production of small groups of mesons in succession will be referred to throughout this paper as plural meson production.*
The published photographs of penetrating showers fall into two main classes, those showing pairs of penetrating particles and those showing groups of pene trating particles which in every case appear to originate a t one point. Typical of the first class are the photographs of Braddick & Hensby (1939) , J . Gr. Wilson (1940) , Leisegang (1940) and Seren (1942) , taken near sea-level, and of Powell (1940) , Hughes (1941) , Herzog & Bostick (1941) , taken a t moderately high altitudes. Photographs of groups of particles are rarer than pairs, but good examples have been obtained by Janossy, MeCusker & Rochester (1941) , Bose, Choudhuri & Sinha (1944) , andR . P. Shutt(i946), a t sea-level, and by Hazen( 1943) , Powell (1941) , Daudin (1944 , and Wollan (1941) a t altitudes of from 6000 to 14,000 ft. above sea-level. A photograph reproduced by Euler & Heisenberg (1938) , taken by Fussell, is also clearly a penetrating shower of the same type.
There is thus ample cloud-chamber evidence th at small groups of penetrating particles do occur. No systematic cloud-chamber investigation of penetrating showers has, however, been undertaken as yet. The difficulty arises from the fact that, especially a t sea-level, penetrating showers are very rare. Because of this the only efficient method of investigation is to use a cloud chamber controlled by a counter arrangement highly selective for penetrating showers. Counter control with an arrangement of this type results not only in a considerable saving of time and film but reveals features in penetrating showers which otherwise could not be recognized. In the investigation described in the present paper 95 % of the photo graphs are significant for penetrating showers. Had rigid selection not been used 85 % of the photographs would not have been recognized as penetrating showers. Rigid counter selection may, however, result in the loss of showers of certain types. Photographs have therefore also been taken with a less rigid selection; in this case the only criterion for a penetrating shower is the presence of two or more ionizing penetrating particles.
E xperimental arrangement
The experimental arrangement, illustrated diagrammatically in figure 1, con sisted of a cloud chamber (C) operated by a set of fourteen counters arranged in sevenfold coincidence. The counters were placed in three trays with three sets of two counters in tray T and two sets of two counters in each of the trays M and B. Counters connected in parallel are shown in the diagram connected by lines. Three ionizing particles were required to set off the top tray and two to set off each a b section aa' section bb~ B 9 50 100 cm. I » * * . 1 . , . . i of the other trays. The counters were of the copper-in-glass type, 40 cm. long and 3 cm. internal diameter, and were filled with the usual mixture of 1*5 cm. alcohol vapour and 10 0 cm. argon. Electron cascade showers from the air were eliminated by surrounding the middle and bottom trays with lead 15 cm. in thickness. The total vertical thickness of lead was 53 cm. A layer of lead 5 cm. in thickness was placed above and a t the sides of the tray T in order to increase the rate of penetrating showers. J&nossy & Rochester (1944) showed .that a sevenfold coincidence set with the counters disposed as described was highly selective for penetrating showers, and this conclusion was fully confirmed in the present experiment.
Before the cloud chamber was set into operation careful tests were made with the counter set alone to find the rate of sevenfold coincidences and the contribution of processes other than penetrating showers. The counting rate was 0-026 ± 0-003 counts per hr. I t was shown by Janossy (1942) th at the main processes which simulate penetrating showers were knock-on showers and accidental coincidences. In the present experiment the rate of knock-on showers was estimated as 3 x 10~3 4 c.p.hr. and the rate of accidental coincidences as 6 x 10~4 c.p.hr. Thus the total contribution from knock-on showers and accidental coincidences was 9 x 10~4 c.p.hr.; one was therefore justified in assuming th a t not more than 5 % of the counts were due to processes other than penetrating showers.
The cloud chamber was placed between the middle and bottom trays. I t was 30 cm. in diameter and had an illuminated depth of approximately 8 cm. Across the middle of the chamber was placed a lead plate 2-3 cm. in thickness; a particle which passed through this plate without multiplication and with small scattering was classified as 'penetrating' (see § 3). Illumination for the chamber was provided by two banks of 230 V 200 W tungsten coil-coil lamps flashed for approximately 0-2 sec. a t 400 V a.c. The expansion mechanism was similar to th at described by Blackett (1934) .
The chamber was filled with a mixture of argon and oxygen in the proportion of 2 :1 by volume to a pressure of 100 cm. Hg. The usual mixture of alcohol and water served to moisten the gas.
A voltage of 120 V was applied across the chamber and was reduced to approxi mately 10 V by a gas-filled relay slightly before and during the expansion.
Stereoscopic photographs were taken with a pair of matched Ross lenses of focal lengths [1] [2] [3] [4] [5] in. and apertures of 1-9, on Selo H.P. 3 film. The average rate of photo graphs was the same, within the standard deviation, as the rate of counts.
P enetrating particles
In this section the evidence given by the photographs for the existence of penetrating particles in the showers is discussed.
(a) The identification of penetrating particles. A particle is classified as 'pene trating' if it can penetrate the 2-3 cm. lead plate and emerge as a single particle without appreciable scattering. The relevant data are given in tables 1a and 1b , and from these data it will be shown th at there is only a small chance of confusing pe tetrating particles and electrons above 5 x 108 eV In the table are given the average number of particles (N) emerging from the lead plate when the incident particle is an electron of energy Ee. Data in column (ii) are taken from Arley (1938) and in column (iii) from the more accurate calcula tions of Bhabha & Chakrabarty (1943) . As the differences between the two sets of data are not significant for present purposes, Arley's data will be used. In columns (iv) and (v) are given the percentage probabilities of finding less than three particles below the lead plate with Polya and Poisson distributions. The detailed probabilities for N = 0 ,1 and 2, when the average is NA (column (ii) for different values of Ee are given in table 1 b . The values for the Polya distribution have been taken from Arley (1943) , who has shown th at this distribution gives a more accurate picture of the growth of an electron cascade shower than the Poisson distribution because the former assumes a growth analogous to biological growth, in which one generation succeeds another, whereas the latter assumes shower particles to be independent. The number N includes all particles, primary as well as secondary. In column (vi) are given values of the mean projected angle of scattering calculated from Williams's scattering formula (1939) ,
where Zi s the atomic number, e the electronic charge in e.s.u., N is the number of atoms per c.c., t is the thickness of the absorber in cm., j3 = v/c. and E is the momen-turn of the particles (i.e. 300 H pe V/c.). The value of Efid for fast particles t the lead plate is 1-38 x 109 eV/c.deg. Thus a particle with an energy of 109 eV would be scattered on the average through T 38° in the plane of the photograph.
I t is concluded from table 1a th a t the identification of penetrating particles which are scattered through less than 3° is fairly certain above 5-5 x 108 eV. The identification is, in fact, certainly better than would appear from table 1 a , because many of the observed penetrating particles come into the cloud chamber singly, whereas an electron would be generally accompanied by other electrons. I t is therefore considered th a t identification is reliable for more than 90 % of the penetrating particles.
Mesons with momenta below 2 x 108eV/c. can be distinguished from electrons by the increase in ionization in passing through the lead plate (Rossi & Greison 1941) .
(6) Types of showers of penetrating particles taken with the sevenfold coincidence arrangement. Some examples of showers of penetrating particles are given in figures 4 to 8, plate 7. In figure 4 three penetrating particles can be seen and a fourth particle which is stopped by the plate. Figures 5 and 6, plate 7 are good examples of showers of a t least three penetrating particles. I t will be noticed that, particularly in the case of figure 5, the tracks cannot be reprojected back to a single point, suggesting th a t they might have been formed in succession by a single proton or neutron and their recoil particles. An equally valid explanation is, however, th a t the penetrating particles have been formed at one point, but th a t the tracks do not reproject back to a point because of scattering in the lead above the chamber.
Other examples of showers of penetrating particles are shown in figures 7 and 8, plate 7. A single penetrating particle can be seen in figure 7, and to the left side an explosion has occurred in the plate. Figure 8 is an example of a shower of particles most of which are stopped in the plate, and two accompanying penetrating particles (marked 'p -p ') which can be seen faintly in the background. There are so many tracks th at it is difficult to correlate tracks above the plate with those below. The two penetrating particles which can be definitely identified make such a large angle with each other th a t it is doubtful if they can have been created at one point.
(c) Examples of showers of penetrating particles taken with a fivefold coincidence arrangement. Although the sevenfold coincidence gives a rigid selection of pene trating showers, the selection might be so rigid th at other interesting showers are excluded. The arrangement might, for example, have a strong bias against showers consisting of pairs of penetrating particles, a type observed frequently before. A coincidence arrangement of lower multiplicity would tend to remove this bias. For this reason a number of photographs have been taken with a fivefold coin cidence arrangement which consisted of two counters out of each of the trays T, M and B, chosen such th at they were directly above and below the chamber. The two counters in the top tray were connected iri parallel. Estimates of the contributions of knock-on showers and accidental coincidences to the fivefold rate showed that nearly all the photographs were due to double knock-on showers. In this case, therefore, the only criterion which could be used to select a pene trating shower was the presence of more than one penetrating particle. Three examples of showers with this arrangement are shown in figures 9 to 11. Figure 9 , plate 7 is a good example of a shower containing at least four penetrating particles, and it will be noticed th at the tracks are almost parallel. This is the largest shower of penetrating particles obtained in the present experiment; I t may well be an example of plural meson production. Figure 10 , plate 8 shows two penetrating particles with an associated shower starting in the plate. Figure 11 , plate 8 is one of the few examples we have obtained of a pair of penetrating particles. Unfortunately, the photograph is technically poor, for the tracks are broadened by field doubling and a slight shift occurs between the upper and lower parts of the chamber. Nevertheless, the most probable explanation of the photograph is th at it repre sents a pair of penetrating particles starting in the lead immediately above the chamber.
(d) The density of the showers. Using the criteria outlined graphs taken with the sevenfold arrangement have been examined for penetrating particles. The size distribution is given in table 2. The most striking feature of the distribution is the low density of the showers.
(e) The scattering of the penetrating particles. Detailed measurements have been made of the scattering, in the 2-3 cm. lead plate, of thirty-two penetrating particles selected from sixteen photographs taken with the sevenfold arrangement, and two photographs taken with the fivefold arrangement. The measurements were made with a microscope fitted with a goniometer eyepiece, and four independent settings were made on the tracks in the upper and lower parts of the chamber for each stereoscopic picture. The angles of scatter are therefore the mean of eight in dependent readings. The average setting error on good tracks was about 0-3°. The results are given in figure! 2a. Since the main error was likely to be distortion in the cloud chamber a number of photographs of single mesons were taken with a replica hollow wooden box in place of the 2*3 cm. lead plate. The box was made of light wood 4 mm. in thickness, and the surfaces were thickly gilded to prevent the scattering of light. On the assumption that the gold was 0-02 mm. in thickness the total scattering was given by E/36 = 1 x 108 eV/c.deg. Since at least 95 % of the mesons have momenta above 2-5 x 108 eV/c., the scattering produced by the box can be neglected. The results of measurements on twenty-six tracks, given in figure 26, shows th a t all the particles are scattered by less than ± 2°*5. I t is clear th at this scattering is spprious and is due to distortion in the cloud chamber. Thus because of the possibility of distortion no reliance was placed on scattering angles less than 2°. I t should be added th a t the tracks with the lead plate in the chamber were uniformly better than those taken with the wooden box.
A cloud-chamber investigation of penetrating showers The distribution of scattering angles is given in table 3, from which it is seen that only two of the particles are scattered through more than 6°. A rough-energy spectrum has been obtained by using Williams's scattering formula ( § 3(a)), and the results are given in column (iv). The percentages of particles observed between these energy limits are given in column (iii), and these values may be compared with the actual percentages of mesons in cosmic radiation at sea-level, given in column (v), taken from the data of J. G. Wilson (1946) . I t is seen th a t there is significant agreement in spite of the large statistical fluctuations and the use of projected angles instead of actual angles of scatter. ---Two of the penetrating particles are scattered through large angles, namely 10-2 and 18-0°. The scattering of the first of these particles can be fully accounted for in terms of multiple scattering. The scattering of the second particles may be multiple if the particle is an electron or ' large-angle ' if the particle is a meson or a proton.
C o m p a r is o n w i t h J a n o s s y 's c o u n t e r d a t a (1942).
It is of interest to compare the present data with Janossy's counter data both as regards the absolute rate of penetrating showers and the size distribution of the showers.
(a) The absolute r a t e . Janossy found th at the rate of penetra 1/12,000 of the rate of cosmic-ray particles penetrating 50 cm. of lead. The relevant data for the present experiment are collected in table 4. The threefold rate gives the total flux of cosmic-ray particles through the apparatus. Taking the sevenfold rate to be 0-030 c.p.hr., the ratio of the rate of penetrating showers to cosmic-ray particles which can penetrate 50 cm. lead is 0-030:3 15= 1: 10,000.
This figure is so close to Janossy's that it gives strong support to the conclusion th at the same phenomenon is being observed in the two experiments. (6) The size distribution of the showers. The size distribution of the showers has been obtained by counting the number of particles entering the top of the lead plate placed across the chamber. In order to exclude most electrons of radioactive origin, i.e. all below 2 x 10® eV, only particles leaving straight tracks have been counted. (The average projected angle of scattering of an electron of 5 x 10® eV, in a path 10 cm. long in the chamber is ~4°.) Janossy's data refer to counters surrounded on all sides by 50 cm. dead, whereas the cloud chamber had no lead round its sides but only a relatively thin layer of absorber, mainly glass a few millimetres in thickness. For this reason, data ha^e also been obtained for the ■ § number of particles entering the lead plate within an angle marked A in figure 1 which was well covered by the lead absorber above the chamber. These data are given in figures 3 a and 36. These data confirm Janossy's conclusion th a t trating showers are a mixture of showers of different sizes, the larger part being showers of low density. I t will be noticed th a t 20-30 % of the photographs show no particles entering the top of the lead plate. These blank photographs cannot have been due to accidental coincidences, for the rate of accidental coincidences was not more than 2 % of the rate of penetrating showers. Thus it is unlikely th at more than one blank photograph could be due to an accidental coincidence. I t is, in fact, highly improbable th a t even one photograph was due to this cause for most of the acci dentals were due to overlaps between pulses from sixfold coincidences and single counters. A sixfold coincidence would in general result only from a shower which would have several particles in the chamber. Further, none of the blank photo graphs can be explained by ' knock-on5 showers; for the measured rate of this type of shower is exceedingly small. I t is concluded th at none of the photographs with = 0 are spurious. These photographs provide additional evidence th at most penetrating showers are of low density. Reference to figure 1 will make it clear th at a shower of low density could miss the lead plate in the chamber.
Since the illuminated part of the lead plate is approximately equal in area to one of Janossy's H counters, it is possible to make a direct comparison of the probability of discharging one particular E counter w one or more particles entering the lead plate. The probability of discharging one H counter is given by the following expression:
where an represents the number of eases in which n counters are discharged, and n takes the values 0->8. The value of P (l), calculated from Janossy's data-after making allowance for the fact th at most of the records 0, 1 are due to ' knocko n ' showers, is P (i) = o-4± 01. The corresponding value from cloud-chamber data is 0-7 + 0*1. The two values are sufficiently close to show th a t both sets of data indicate showers of low density. The small difference between the two values may be due to the following factors.
{1) The areas of the illuminated part of the lead plate and a single H counter are almost the same, but the dimensions are quite different, being 28 x 8 cm.2 for the lead plate and 3*5 x 60 cm.2 for an H counter. A change in geometrical form might have a large effect on the value of P (l). (2) The value of P (l) refers to any counter out of the H set whereas the cloud chamber is in a position corresponding to one of the middle counters.
Large showers
(a) Frequency and size distribution. Although most penetrating showers consist of showers of low density there occur also a number of showers of surprisingly high density. Data given in table 5 indicate the number of photographs on which there are not less than ten particles within the solid angle A (figure 1) above the lead plate. Examples of these large showers are given in figures 12 to 15, plate 8. Figures 12 and 13 are examples of the very large showers of some forty and fifty particles respectively. Figure 12 is of especial interest because it is a large shower which definitely shows an associated penetrating particle (marked in the figure) . Approximately half of the large showers seem to have associated pene trating particles, but a number of the showers are so dense th at it is difficult .to say whether penetrating particles are present or not.
Both of the largest showers observed are of the form of the shower shown in figure 13 .
(b) The origin of the large showers. These large showers occur below 40 cm. of lead and consist mainly of particles which are stopped in the 2-3 cm. lead plate. More over, they must have a t least three particles at the tray T, two particles a t the tray M, ten particles in the cloud chamber, and two at the tray B. I t is therefore clear th at part of the showers must be very penetrating. I t can be assumed th at the penetrating part consists of ionizing particles such as those observed on other photographs of penetrating showers ( § 3). In this case the showers would be 'soft' secondary radiation accompanying the penetrating particles. This description would commend itself if the 'soft' secondary particles could be ascribed to a knock-on process in which a meson knocks on an electron in the lead close above the cloud chamber. The electron then produces the cascade shower observed in the chamber. The meson should accompany the shower, but it may not be observed if the shower is very dense or if the core of the shower lies to the edge of the illuminated part of the chamber. The probability of getting a shower of a certain size is a function of the probability of a meson of given energy producing a knock-on elec tron and the number of mesons with this energy. Lovell (1939) has calculated this probability, and from his results the number of showers to be expected in the cloud chamber has been estimated. Each penetrating shower has been assumed to contain ten mesons. The results are given in column (iv) of table 5. The observed values are given in column (ii), and a comparison of the two sets of figures shows clearly th at the large showers are not knock-on showers.
The second possibility is that the showers are high-energy electron cascades which have traversed the whole of the lead absorber. Janossy has estimated th at a cascade shower which can penetrate 50 cm. of lead would require an electron of energy 1019 eV. Assuming an incident spectrum of the form where H = 6 x 109 hr./m.2, y -1-50 and E0 is the energy of the electron measur in units of the critical energy, the rate of electrons with energies 1019 eV is estimated at 2 x 10~7/m.2/hr. Thus the rate of high-energy electrons on the absorber T ' (area 0*1 m.2) above the cloud chamber would be 2 x 20~8/hr. Taking the total time of the experiment to be 50 x 35 = 1750 hr., the expected number of large showers would be 3 x 10-5. This number is again so small th at none of the observed photo graphs is likely to be a large cascade shower which has penetrated the lead. This estimate would be invalidated if there were any breakdown in the fundamental processes of radiation loss and pair production at very high energies.
A third possibility is that the showers are large meson showers. This is unlikely for the following reasons-: (1) many of the showers have the typical form of electron cascade showers, (2) most of the particles in the showers have ranges less than the thickness of the lead plate; if these particles were all mesons they would have ion densities appreciably greater than is observed; and (3) very few penetrating particles are observed in the large showers.
A fourth possibility is th at the showers are electron cascades resulting from decay electrons produced in the lead above the cloud chamber. The probability of getting a shower of a certain size is a function of the probability of a meson of certain energy producing a decay electron and the number of mesons with this energy. An electron which can produce ten or more particles in a layer of lead a few centimetres in thickness must have an energy greater than 109 eV. Thus the least energy of the meson which can produce such a shower is approximately 2 x 109 eV. I t is clear th a t the chance of the decay of an ordinary meson of energy greater than 2 x 109 eV in the lead absorber is negligibly small. I t is worth examining, however, if the showers could result from the decay of mesons of lifetime 10~8 sec. or much less.
The probability of a meson of lifetime r 0 decaying in a distance D is given by
where fi is the mass of the meson a t rest and E is its momentum. Let the number of mesons with momenta between E and E + 8E be NS(E) 8E, where N is the total number of mesons above 2 x 109 eV. Thus the number (n') of large showers will be given by the formula
Assume th a t the mesons have the same energy spectrum and the same mass as the ordinary mesons found a t sea-level. Assume further th a t each penetrating shower contains on the average ten mesons of all kinds; then N cannot be greater tlian 100. The expression under the integral sign can be evaluated numerically, and taking D -5 cm. the total number of large showers is found to be 0-02. Th number is to be set against the observed number of seven large showers. I t is clear th at the electron cascades cannot be due to the decay of a meson of lifetime 10~8 sec.; it would, in fact, require a lifetime less than 10-10 sec. to account for the showers in this way. There is, a t present, no theoretical foundation for assuming the existence of such a meson.
Hamilton, Heitler & Peng have suggested th at new processes are to be expected for energies greater than 1011 eV ; it is therefore possible th a t the large showers are produced by the interaction of particles of very high energy with m atter. Extrapolation of the ordinary meson spectrum to high energies shows th at enough particles of very high energy fall on the absorber T' to account for the showers.
6. S h o w e r s s t a r t i n g i n t h e l e a d p l a t e Several examples of showers starting in the lead plate have been observed. Examples are given in figure 7, plate 7, and figures 16 to 18, plate 9.. The shower shown in figure 16 seems to have been initiated by a neutral particle, but the shower of figure 17 may have been initiated by either a neutral or an ionizing particle. Two of the particles of the latter shower are heavily ionizing suggesting th at they are slow protons or slow mesons. Another example of a shower is shown in figure 18 . I t is suggested that this shower might be a cascade shower, since it has the form of a cascade and a group of particles enter the top of the plate near the origin of the shower.
Hazen (1944) has observed many similar showers and he has concluded th a t they are due almost equally to high-energy neutrons and protons. The low-energy stars, which have been observed very frequently, are due mainly to neutrons. Particles produced in low-energy stars are observed to be distributed in all directions whereas the particles from 'disintegrations' produced by high-energy particles are largely collimated in the direction of the incident particle. The collimated stars are presumably penetrating showers starting in the lead plate. According to the •theory of Hamilton, Heitler & Peng they would be expected to be produced equally by neutrons and protons.
On many of the photographs heavily ionizing particles are observed, e.g. figures 7, 9, 12, 15 and 17. Seventeen heavily ionizing particles have been observed in the fifty photographs.
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